Many female terrestrial mammals undergo postpartum estrus (PPE), a state of heightened sexual attractiveness to male conspecifics relative to females not in PPE (REF females). PPE and REF females of several species may use over-marks to maintain territories and attract and indicate interest in males as potential mates. In our first two experiments, we determined if the response of male meadow voles, Microtus pennsylvanicus, to the top-and bottom-scent donors of a samesex over-mark was affected by the reproductive state of the scent donors. We found that after exposure to a same-sex over-mark in which the female scent donors were in the same reproductive state, males spent more time investigating the mark of the top-scent female. Males, however, spent more time investigating the mark of the PPE female to that of a female not in PPE, independent of the position of either female's scent mark in the over-mark. The third and fourth experiments determined if the response of males to the female scent donor of a mixed-sex over-mark was affected by whether she is the top-or bottom-scent donor. In three of the four comparisons, males spent more time investigating the mark of a novel PPE female (not in the over-mark) to that of the top-or bottom-scent female. In addition, males spent similar amounts of time investigating the mark of a novel female not in PPE and that of a top-scent PPE female. However, males spent more time investigating the novel REF female's mark compared to that of a bottom-scent PPE female. The results are discussed in terms of the natural history and mating strategies of male meadow voles.
Introduction
Postpartum estrus (PPE) is a period of heightened sexual behavior that occurs shortly after many female terrestrial mammals deliver their litters. Depending on the species, postpartum estrus may last a few hours to a few days (Gilbert, 1984) , and is typically shorter in duration than male-induced estrus (Witt et al., 1990) . Female mammals in PPE produce olfactory cues that are more attractive to male conspecifics than those produced by females not in PPE (Lai et al., 1996; Vaughn & Ferkin, 2011) . PPE females also are more likely to engage in proceptive behaviors, such as hopping, ear wiggling, chasing, self-grooming, scent marking and over-marking (Dewsbury, 1990; Rudd, 1994; Ferkin et al., 2004; Ferkin, 2006) . These behaviors indicate that PPE females are willing to associate and interact with potential mates. PPE females mate more readily and get pregnant more often than do females not in PPE (Gilbert, 1984; Carter et al., 1997) . Males benefit by mating with PPE females rather than females in male-induced estrus (delBarco-Trillo & Ferkin, 2007) . As such, males should seek out PPE females relative to females not in PPE and PPE females should be more likely than females not in PPE to advertise their heightened sexual states and interest in associating with male conspecifics (Witt et al., 1990; Zeigler et al., 1993; Lazaro-Perea et al., 1999) .
For most terrestrial mammals, including rodents, interactions with opposite-sex conspecifics are facilitated by olfactory signals, such as scent marks and over-marks, the over-lapping scent marks of two or more individuals (Johnston, 1983 (Johnston, , 2003 Brown & Macdonald, 1985a,b; Ferkin & Pierce, 2007) . How a male or female rodent responds to such signals depends on if the marks are encountered first as separate scent marks or as an over-mark. Studies have shown that terrestrial mammals are more attracted to the scent marks of opposite-sex conspecifics than to those of same-sex conspecifics and furthermore the scent marks of opposite-sex conspecifics that are in a heightened state of sexual receptivity than to those of conspecifics that are not in a heightened state of sexual receptivity (Johnston, 1979; Brown & Macdonald, 1985a,b; Vaughn & Ferkin, 2011) . However, an individual's response to such scent marks differs if it first encounters these same scent marks as part of an over-mark. Studies on golden hamsters (Mesocricetus auratus), pygmy lorises (Nycticebus pygmaeus), prairie voles (Microtus ochrogaster) and meadow voles (M. pennsylvanicus) show that when exposed first to an over-mark made from the scent marks of two same-sex conspecifics
